The results of Southern blotting experiments confirm that the chicken H2B histone gene family contains eight highly homologous members. One or two more sequences which are considerably divergent from the others appear to exist in the chicken genome. Seven of the eight H2B genes have been cloned and sequenced. All seven genes fall in two histone gene clusters, but no common arrangement exists for the clusters themselves. Three different H2B protein variants are encoded by these 3even genes. The nucleotide sequence homology among the genes within their coding sequences appears to exceed that required for the corresponding protein sequences, suggesting that histone H2B mRNA sequence and structure are both selected during evolution. An analysis of the 5' flanking sequence data reveals that these genes possess CCAAT and TATA boxes, elements commonly associated with genes transcribed by RNA polymerase II. In addition, these genes all 3hare an H2B-specific element of the form: ATTTGCATA. The 3' sequences of these gene3 contain the hyphenated symmetrical dyad homology and downstream purine-rich sequence 3hared by histone genes in general.
INTRODUCTION
The histone genes constitute a complex, multigene family, whose structure and organization have been studied in a variety of eucaryotes (1, 2) .
Since there are five major types of histone, the overall histone gene family can be considered to be composed of five subfamilies of H1, H2A, H2B, H3 and Hi» histone genes. In addition, the nucleated erythrocytes of birds and other vertebrates contain a unique histone, H5 (3, 1) , which in the most general terms may be thought of as a member of the H1 subfamily. Furthermore, in most multicellular eucaryotes several variants exist for each of the various types of histone which differ in their primary structure and expression pattern.
Zweidler (5) has divided the variants into replication-type histones whose expression is coupled to the S-phase of the cell cycle and replacement-type histones which seem to be expressed at a low constitutive level throughout the cell cycle (6, 7, 8) . Indeed, we have shown that the chicken H3 histone gene subfamily is actually composed of two very different sets of H3 genes, the H3.2 replication variants and the H3.3 replacement variants (9) .
In most multicelled organisms, there exist from 10 to several hundred histone genes of each major subfamily per haploid genome (1) whereas Neurospora (10) and yeast (11) contain only one or two copies of each type of histone gene, respectively.
Among the multicelled organisms, chicken appears to have one of the lowest histone gene repetition frequencies ranging from six for the H1 histone genes to 8-10 for the core histone genes (1, 12, 13) .
Given the number of different genes in each subfamily, the prospect of individual regulation of the expression of each histone gene seemed worthy of consideration. This was given further credence when it was shown that in avlans (14,15), mammal3 (16, 17) , and, to a lesser extent, amphibians (18) Similar conclusions were drawn for an apparent replacement H2A chicken hiatone gene by Harvey et; al. (21) . The chicken H5 histone gene is also very different in structure and organization as well a3 In expression from the replication histone genes (3, 4) . Furthermore, Perry £t al. (22) Hybridization screening, nick translation labeling of DNA, phage and plasmid DNA purification, and restriction mapping were as described previously (21) (22) (23) (24) (25) (26) . All manipulations of recombinant DNA molecules were done in accordance with current National Institutes of Health guidelines.
Southern Hybridization
High molecular weight genomic chicken red blood cell DNA was digested with restriction enzymes, precipitated, loaded onto 0.7J agarose gels at a concentration of 15 micrograms per lane, electrophoresed in a vertical gel support, stained with ethidium bromide and photographed. The DNA was denatured in alkali, the gel was then neutralized and DNA was transferred to nitrocellulose filters by capillary action as described by Southern (27) .
The filters were prehybrldized and probed in a hybridization solution previously described (111) at 37° or 12° overnight. The Southern blots were washed and exposed as described in the legend to Fig. 1 .
DNA Sequencing
DNA sequencing was performed by a modified Maxam and Gilbert (28) chemical degradation technique as described by Smith and Calvo (29) . DNA fragments with 5' protruding ends were phosphatase treated and end-labeled with polynucleotlde kinase as described (28) . Blunt-ended fragments were labeled either by exonuclease III digestion followed by filling in with the The blots were probed with a BstEII OJ kb H2B-speclflc sequence, nick-translated to a specific activity of 1 x 10 cpm. 100 ng of the 0.3 kb probe was used in 7 ml of hybridization solution.
The washed blots were exposed to film with an intensifying screen for 10 day3 at -70°. A. The hybridizations were carried out at 12° and then the filter was washed at 65° in 0.1 x SSC. B. The hybridization was performed at 37° and the filter was washed at 37°. The results of such an experiment are shown in Figure 1 .
The H2B-speclfic probe hybridizes to eight distinct bands under the more stringent conditions (Fig. 1A) . These bands correspond to sizes: These sequences are not present on any of the histone gene clones we have tested to date. F i g u r e 2 . O r g a n i z a t i o n o f c l o n e d c h i c k e n H 2 B g e n e 3 .
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Isolation of Chicken H2B Histone Genes
Upon screening a chicken genomic library in XCharoniA with sea urchin H3 and H2A hi3tone gene probes, about 50 histone gene-containing recombinants were isolated (1*1,32). About 20 of these have been mapped and characterized in detail.
Several of these clones were shown to contain H2B-hybridizing regions. We have previously described the complete sequence of two of these H2B genes (12, 21) . These two genes were found to differ in both their coding and flanking sequences. The same two genes were independently analyzed by Harvey et al. (3D.
Since an H2B probe was not U3ed in the initial screening, the chicken genomic library was rescreened with an internal 0.3 kb H2B-specific fragment in order to expand our collection of chicken H2B genes. Several of the resultant H2B-containing phage clones were overlapping with or identical to previously characterized phage (32) , whereas others were unique.
Restriction mapping and hybridization analysis with various histone gene probe3 identified seven unique H2B genes among our collection which fall into the three clusters identified by D'Andrea et; al. (13) . Furthermore, one of our phage clones (XCHA) overlaps two of the clusters identified by that group thereby demonstrating that all eight H2B genes and almost all replication variant chicken hi3tone genes fall into one of two major histone gene clusters. It remains to be seen if these two clusters are al3o linked in the chicken genome. Figure 2 shows the restriction maps of these two histone gene clusters along with the positions of the various chicken histone genes identified to date. As has been noted previously for the replication variant histone genes (13, 14, 32) , there is no consistent order or arrangement of the clusters. However, six of the eight H2B genes exist in closely-linked divergently-transcribed H2A-H2B gene pairs (13) . histone genes. These include the previously sequenced gene on XCH1a (21, 31) , the two genes on XCHA (one of which is also on XCH5a), and the gene on a 5 kb EcoRI fragment that is not among our clones. Chicken H2B coding sequence comparison. The gene on pKR1a-1.3 was U3ed as the prototype against which the other sequences were compared.
H2B-IS
Only those sequences which differ from the pKR1a-1.3 gene are shown for the other genes. The amino acid substitutions are indicated where they occur. Seven unique H2B genes are represented. The gene on pPP2d-1.0 contains the sequence 3' of nucleotide 106. coding region in pKR1a-1.3 was chosen as the prototype against which the others were compared.
An analysis of these sequences reveals that all of the chicken H2B genes that have been completely sequenced are uninterrupted and code for proteins composed of 125 amino acids. The coding region of each gene is 375 nucleotides long. These genes tend to be rich in G and C residues which can account for 58J (pBBA-3-0) to 61J (pRR3c-3.5) of each coding region. The striking character of this GC bias is reflected in the number of CpG dinucleotides which can number as many as *10 in certain H2B genes, whereas
CpG is generally relatively rare in eucaryotic DNA, although less so within coding sequences (33) .
As shown in Table 1 , each of the seven H2B coding regions is unique (pRR2e-3.5 and pRR3c-3.5 differ only in their stop codon), but they are all found to share extensive sequence homology to the pKR1a-1.3 H2B gene ranging from 92J to 99.7)1. Most of the differences in sequence are silent, falling in the third or, occasionally, the first codon nucleotide. The H2B gene on pBBA-3.0 is by far the mo3t different gene from the la gene (and the other five a3 well). These two genes differ by 29 base pairs (bp) in the 375 bp of coding sequence, with three of the changes leading to altered amino acids (Table 1) Table 1 ). It is interesting that this variant is closely linked to another H2B gene (the one on pBRA-5.1) which, however, codes for the H2B.1 variant. Our sequence data suggests a third class of H2B gene (Class III in Table 1) The hyphenated symmetrical dyad and the downstream purine rich sequences are underlined.
Nucleotides are numbered such that the A in the ATC initiation codon is +1. 
5' Sequences Flanking the H2B Histone Genes
The DNA sequence of the 5' and 3' flanking regions of each of the H2B genes is given in Figure 5 This sequence is always of the form TATAAA in chicken H2B genes. About 7 bp in front of the TATA block is a region of sequence that is shared by all the chicken H2B genes (ATTTGCATA, with lesser homology in regions surrounding this core consensus sequence).
As shown previously (12, 22, 31) , this sequence is not unique to chicken H2B genes, but indeed is present in 3ea urchin, X. laevls, and human H2B genes as well, although the sequence is often further upstream of the TATA region in H2B genes of other organisms.
Hi3tone gene class-specific 5' flanking sequences seem to be quite common This might be expected since they are symmetrically related in an inverted duplication ( Fig. 2A) . While the available coding sequence of the pPP2d-H.O gene is no more similar to the pPP2d-2.3 gene than it is, for example, to the unlinked pKR1a-1.3 gene (I in Fig. 2B ), the V untranslated regions of the two symmetric genes are more similar to each other than they are to any of the other H2B genes (Fig. 5 ). Even this similarity in nucleotide sequence does not extend much beyond the functional 3' sequence elements discussed above (to about +160 in Fig. 5 ). Other than this, there is very little relationship of the location of H2B genes within the histone gene clusters to their sequence similarity. The two linked gene3 on pRR2e-3.5 and pRR3c-3.5 (II and III, respectively, in Fig. 2A ) show 3ome similarity in their 3' untranslated regions but essentially none in their 5' flanking regions beyond generic H2B gene elements. As pointed out above, the most unusual H2B gene, the H2B.2 gene on pBBA-3.0 (VII in that is most nearly identical in coding sequence to the unlinked H2B gene, pKR1a-1.3 (I in Fig. 2A ).
Thus our preliminary conclusion from this work is that the histone gene clusters of chickens are rather 3table and rarely subject to duplication and conversion events. Analysis of the histone genes of other avians would be of interest in thi3 regard. Further, it seems unlikely that gene conversion events can explain the high level of sequence identity seen in the coding region of the 7 H2B genes examined, since the primary conserved portion occupies a specific region (codons 61 to 111) within the H2B sequence rather than extending evenly across the gene as a whole.
